Elucidation of the behaviors of complex molecular systems is central to controlling their elaborate functions. It requires approaches that bear time and space specificities as well as chemical specificity, because various kinds of molecules act at different times and locations in order to carry out particular molecular processes. Time-and spaceresolved vibrational spectroscopies are a powerful method that can meet all of these requirements. This Account shows how these approaches enable us to investigate complex molecular systems including living cells, bacterial communities known as biofilms, and solar-cell materials. Raman microspectroscopy in combination with multivariate data analysis reveals dynamic changes in the concentrations and distributions of cellular components such as proteins and lipids, during the cell cycle without the need for labeling. It is also applied to study bacterial biofilms in a nondestructive manner with a focus on their metabolites (carotenoids in the present case). Nanosecond time-resolved IR spectroscopy is used to observe distinct transient species generated after photoexcitation in organic -inorganic hybrid perovskite solar cells, which are attracting tremendous interest of researchers as a promising next-generation photovoltaic device. The results presented here highlight that deciphering time-and space-resolved vibrational spectra has unraveled a number of new phenomena that are of relevance to biological/material functions.
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Rudolf Virchow Omnis cellula e cellula Intrinsic spectra and Raman images of two carotenoidassociated components (1 and 2) derived from the MCR -ALS analysis of space-resolved Raman spectra of a biofilm taken from a bathroom. The image size is 28 × 32 μm 2 (15 × 17 = 255 pixels) for both Raman images. A Horiba Raman microscope (XploRA Nano) with 532 nm excitation was used for this experiment instead of the apparatus described in Figure 2 . 
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